Significant physiological changes occur during the 3 weeks before and after parturition. A negative energy balance (NEB) is likely due to the increased energy demand of lactation and decreased dry matter intake postpartum \[[@r7], [@r9], [@r19]\]. Cows during this transition period are more susceptible to metabolic diseases such as fatty liver and ketosis and to infectious diseases such as mastitis and uteritis \[[@r26]\]. Oxidative stress, which reflects an imbalance between oxidant and antioxidant levels \[[@r6]\], increases the risk of metabolic and infectious diseases by causing dysfunction in inflammatory responses \[[@r18], [@r26]\]. Furthermore, oxidative stress causes oxidative damage to macromolecules such as lipids, proteins, and DNA \[[@r18]\]. Oxidative stress increases during early lactation in cows \[[@r2], [@r5], [@r11]\]. In addition, oxidative stress increases susceptibility to metabolic and infectious diseases such as ketosis, abomasal displacement, mastitis, and uteritis \[[@r1], [@r26]\].

Oxidative stress can be measured by biological markers including malondialdehyde (MDA), glutathione peroxidase (GPx), and potential antioxidant capacity (PAO). Among these, MDA is the end product of lipid peroxidation caused by the generation of reactive oxygen species \[[@r27]\]. GPx is an antioxidant enzyme involved in the lipid peroxidation that produces MDA, and it converts hydrogen peroxide to water in the presence of glutathione \[[@r27]\]. PAO measures the total antioxidant capacity in serum using the reduction reaction of copper ions \[[@r20]\]. Oxidative stress in cattle is evaluated by combining oxidative stress marker measurements \[[@r1], [@r4], [@r11]\].

During the early postpartum period, lactation, lipid mobilization, and lipid β-oxidation in liver tissue are associated with increase in oxidative stress in transition cows \[[@r26]\], and higher oxidative stress is identified in diseased cows such as those with ketosis \[[@r8], [@r15], [@r21]\], abomasal displacement \[[@r16]\], or acute mastitis \[[@r17]\]. For example, Bernabucci *et al*. \[[@r2]\] reported that cows with higher β-hydroxybutyric acid (BHB) and free fatty acids (FFA) showed higher oxidative stress parameters (reactive oxygen metabolites and thiobarbituric acid reactive substance; TBARS) and lower levels of antioxidants. In contrast, Castillo *et al*. \[[@r4]\] observed no significant correlation between FFA and MDA levels. Therefore, we assumed that till recently, no consensus has been achieved on factors associated with increased postpartum oxidative stress, and there is little information on factors associated with change in oxidative stress. We investigated values of antioxidant defense measures such as MDA, GPx, and PAO, vitamin A and vitamin E, and blood biochemical components that are related to energy metabolism, protein metabolism, and liver function to clarify the relationships among oxidative stress, postpartum transition, and disease in healthy and diseased Holstein cows during the transition period.

MATERIALS AND METHODS {#s1}
=====================

Animals and management
----------------------

All animal care protocols were approved by the Iwate University Laboratory Animal Care and Use Committee (A201452-2; Morioka, Japan). This study was conducted in two parts. The first experiment was conducted at a commercial dairy farm in Nanyo City, Yamagata Prefecture, from September 2018 to February 2019. Nine transition control (TC) Holstein cows under the tie-stall housing system were selected to investigate oxidative stress during the periparturient period. The age of the cows was 4.7 ± 1.5 years (mean ± standard deviation (SD)), and the parity was 2.2 ± 1.5. The cows were clinically healthy and no symptoms of ketosis, abomasal displacement, or acute mastitis were observed. The feed ingredient, chemical composition, and nutrient sufficiency rate during the dry and lactation periods are shown in [Table 1](#tbl_001){ref-type="table"}Table 1.Ingredients, chemical composition, and nutrient sufficiency rate of the dietsItemsDry periodLactation periodIngredient, % of DM ^a)^Concentrate22.055.8Timothy hay43.220.5Alfalfa hay07.1Oats hay10.34.9Grass silage23.711.3Dicalcium phosphate0.80.4Chemical composition ^b)^, % of DMTDN59.266.6CP11.714NDF53.236.4ADF33.121.6Starch8.923.1Calcium0.60.6Phosphorus0.40.4Nutrient sufficiency rate ^c)^, %DM102.4106.9TDN122.792.3CP115.594.5a) DM: dry matter. b) TDN: total digestible nutrients, CP: crude protein, NDF: neutral detergent fiber, ADF: acid detergent fiber. c) Calculated to meet the requirement of cows outlined by the Japanese Feeding Standard for Dairy cattle (2006)..

The second experiment was conducted at commercial dairy farms (n=6) in Nanyo City, Yamagata Prefecture, from April 2018 to April 2019. The cows were raised under the tie-stall housing system in five of six farms (including a farm used in the first experiment), and the other farm used the free stall style. Postpartum diseased (PD) cows (n=29) and healthy cows (control, n=10) from six herds were studied. The PD cows were diagnosed with ketosis (n=10), abomasal displacement (n=9), and acute mastitis (n=10) during the 60 days after parturition. Ketosis was diagnosed when ≥3 urinary ketone bodies were detected by urinalysis (Uro Paper III, Eiken Chemical, Shimotsuga, Japan) with clinical symptoms such as anorexia and decreased milk yield. Abomasal displacement was diagnosed by a ping sound in the left or right intercostal space with clinical symptoms such as anorexia and decreased milk yield. Acute mastitis was diagnosed by clinical symptoms such as anorexia, a fever of 39.5°C or higher, a positive milk test in one or more quarters (mastitis simple diagnostic solution, P.L. Tester, ZENOAQ, Koriyama, Japan), and udder swelling or hardening. PD and control cow individuals were from the same herds.

Blood sampling
--------------

Peripheral blood samples were collected from the TC group at 2 weeks prepartum and at 1, 2, 4, 6, and 8 weeks postpartum (15 ± 4 days before, and 7 ± 2, 14 ± 2, 29 ± 3, 42 ± 1, and 56 ± 1 days after parturition, respectively; means ± SD). In the PD group, peripheral blood samples were collected at the first clinical examination of ketosis, abomasal displacement, or mastitis, and in control cows at 24 ± 18, 14 ± 10, 5 ± 8, and 16 ± 18 days after parturition, respectively; means ± SD. Blood samples were collected from the jugular vein into vacuum tubes coated with serum separation agents, sodium heparin, and sodium fluoride, sodium heparin, and EDTA-2Na (TERUMO, Tokyo, Japan). To separate the serum, the tubes with serum separation agents were centrifuged at 1,400 × *g* for 15 min. Then, the biochemical component measurement was performed, and remaining samples were stored at −50°C for estimation of PAO values. To separate the heparin plasma, the tubes with sodium heparin were centrifuged at 1,400 × *g* for 15 min. The samples were stored at −50°C for estimation of MDA values and GPx activities. To separate the sodium fluoride plasma, the tubes with sodium fluoride, sodium heparin, and EDTA-2Na were centrifuged at 1,400 × *g* for 5 min, and the samples used for glucose (Glu) evaluation.

Oxidative stress measurements
-----------------------------

Plasma MDA was measured from heparin plasma samples using a commercial kit (Malondialdehyde Assay, Northwest Life Science Specialties LCC, Vancouver, WA, USA) as described elsewhere \[[@r3]\]. Serum PAO was measured using a commercial kit (PAO antioxidant capacity measurement kit, Nikken Zile Japan Aging Control Laboratory, Shizuoka, Japan). Plasma GPx was measured in heparin plasma samples of TC cows using a commercial kit (Glutathione Peroxidase Assay, Northwest Life Science Specialties LCC).

Blood properties
----------------

Blood Glu was measured using sodium fluoride, sodium heparin, and EDTA-2Na plasma. FFA, BHB, total cholesterol, total protein, albumin (ALB), blood urea nitrogen, aspartate aminotransferase (AST), γ-glutamyl transpeptidase (GGT), and Ca were measured in serum with an automatic analyzer (AU-680, Beckman Coulter, Tokyo, Japan). Vitamin A and vitamin E were measured in serum using high-performance liquid chromatography (Nanospace, Osaka Soda, Osaka, Japan).

Body condition scoring, milk yield, and composition
---------------------------------------------------

Body condition scoring (BCS) was performed in both groups according to Ferguson *et al*. \[[@r10]\]. Milk yield and composition were measured in the TC group at 2 and 4 weeks postpartum. The total milk yield was recorded in the morning and evening using a bucket milker or autosampler. To measure milk composition, approximately 30 m*l* of milk was collected using a bucket milker or autosampler. An automatic analyzer (Milkoscan FT+, FOSS Japan, Tokyo, Japan) was used to measure the proportion of milk fat, non-fat solid content, milk protein, lactose, and milk urea nitrogen.

Statistical analysis
--------------------

The data obtained are expressed as mean ± SD. Repeated-measures analysis of variance (ANOVA) and Tukey's method were used for intragroup comparisons of the plasma MDA values and GPx activities over time, serum PAO values, BCS, and blood properties in the TC cows. One-way ANOVA and Tukey's method were used for comparisons of the plasma MDA, serum PAO values, and blood properties in the PD and control cows. After confirming normal distribution by the Shapiro−Wilk normality test, Pearson's product-moment correlation coefficient or Spearman's rank correlation coefficient was calculated. For statistical processing, GraphPad Prism ver. 5.01 (La Jolla, CA, USA) was used. In all cases, *P*-values \<0.05 were considered as indicating significant differences, and *P*-values \<0.1 were considered as indicating significant tendency.

RESULTS {#s2}
=======

Oxidative stress and blood properties
-------------------------------------

In the TC group, the plasma MDA values were significantly higher at 2 and 6 weeks postpartum than those at 2 weeks prepartum (*P*\<0.05; [Table 2](#tbl_002){ref-type="table"}Table 2.Changes in body condition score (BCS), blood malondialdehyde (MDA), glutathione peroxidase (GPx), serum potential antioxidant capacity (PAO) values, and other biochemical components in the transition control cows at 2 weeks prepartum and at 1, 2, 4, 6, and 8 weeks postpartumItems ^a)^(unit)Weeks after parturition−212468BCS3.4 ± 0.33.3 ± 0.33.1 ± 0.3\*2.9 ± 0.3\*2.9 ± 0.3\*3.0 ± 0.3\*MDA(*µ*M)0.11 ± 0.040.17 ± 0.030.18 ± 0.07\*0.17 ± 0.030.18 ± 0.06\*0.13 ± 0.04GPx(mU/m*l*)16.1 ± 4.911.2 ± 4.122.6 ± 10.913.1 ± 2.712.4 ± 3.714 ± 1.7PAO(*µ*M)538 ± 121624 ± 172583 ± 91582 ± 74528 ± 85616 ± 135Glu(mg/d*l*)53.9 ± 4.645.6 ± 6.5\*42.4 ± 6.4\*48.0 ± 8.750.1 ± 5.349.1 ± 5.2FFA(*µ*mol/*l*)78 ± 12656 ± 366\*536 ± 271\*230 ± 125181 ± 114139 ± 95BHB(*µ*mol/*l*)548 ± 113773 ± 249904 ± 299\*753 ± 300711 ± 298699 ± 160T-cho(mg/d*l*)81 ± 1077 ± 16109 ± 25\*160 ± 31\*188 ± 36\*199 ± 37\*TP(g/d*l*)7.9 ± 0.67.5 ± 0.57.7 ± 0.38.0 ± 0.48.0 ± 0.47.9 ± 0.3ALB(g/d*l*)3.4 ± 0.23.6 ± 0.1\*3.6 ± 0.1\*3.7 ± 0.1\*3.7 ± 0.1\*3.7 ± 0.2\*BUN(mg/d*l*)15.6 ± 3.313.2 ± 3.714.0 ± 4.414.4 ± 2.813.8 ± 2.814.8 ± 2.0AST(IU/*l*)69 ± 1194 ± 19\*92 ± 14\*84 ± 16\*77 ± 879 ± 12GGT(IU/*l*)18 ± 4.717.6 ± 5.017.4 ± 4.519.3 ± 5.720.6 ± 5.6\*21.6 ± 6.9\*Ca(mg/d*l*)9.7 ± 0.59.3 ± 0.39.5 ± 0.49.5 ± 0.59.4 ± 0.39.5 ± 0.4VA(IU/d*l*)105 ± 1479 ± 17\*89 ± 17113 ± 17112 ± 20113 ± 23VE(*µ*g/d*l*)253 ± 88190 ± 48262 ± 47380 ± 69\*432 ± 92\*426 ± 167\*Values are means ± SD (n=9). a) Glu; Glucose, FFA; free fatty acid, BHB; β-hydroxybutyric acid, T-cho; total cholesterol, TP; total protein, ALB; albumin, BUN; blood urea nitrogen, AST; aspartate aminotransferase, GGT; γ-glutamyl transpeptidase, Ca; calcium, VA; vitamin A, VE; vitamin E. \*Denotes significant difference (*P*\<0.05) compared with the 2 weeks prepartum.); however, no significant changes in plasma MDA values were observed after parturition. Plasma GPx activities and serum PAO values did not change significantly. Glu was significantly lower at 1 and 2 weeks postpartum (*P*\<0.05), whereas FFA was significantly higher at 1 and 2 weeks postpartum (*P*\<0.05). BHB was significantly higher at 2 weeks postpartum (*P*\<0.05), and AST was significantly higher at 1, 2, and 4 weeks postpartum (*P*\<0.05). GGT was significantly higher at 6 and 8 weeks postpartum (*P*\<0.05; [Table2](#tbl_002){ref-type="table"}).

In the PD group, the plasma MDA values were numerically higher in cows with ketosis and abomasal displacement and was significantly higher in cows with ketosis than in the control cows (*P*\<0.05; [Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Plasma malondialdehyde (MDA) and serum potential antioxidant capacity (PAO) values in control (n=10) cows and those with ketosis (n=10), abomasal displacement (n=9), or mastitis (n=10). Values are means ± SD. \*Denotes significant difference (*P*\<0.05) compared with the control cows.). Serum PAO values were low in the diseased cows, and it was significantly lower in cows with ketosis than in the control cows (*P*\<0.05; [Fig. 1](#fig_001){ref-type="fig"}). FFA and BHB were significantly higher in cows with ketosis and abomasal displacement than in the control cows (*P*\<0.05; [Table 3](#tbl_003){ref-type="table"}Table 3.Body condition score (BCS) and peripheral blood biochemical components in the control and postpartum diseased cowsItems ^a)^(unit)KetosisAbomasal displacementMastitisControl(n=10)(n=9)(n=10)(n=10)BCS3.2 ± 0.23.1 ± 0.43.0 ± 0.23.1 ± 0.3Glu(mg/d*l*)40 ± 1140 ± 1166 ± 1652 ± 6FFA(*µ*mol/*l*)1,345 ± 501\*1,525 ± 580\*864 ± 373435 ± 223BHB(*µ*mol/*l*)4,041 ± 2,019\*3,373 ± 1,918\*651 ± 212698 ± 315T-cho(mg/d*l*)120 ± 4080 ± 1971 ± 24101 ± 41TP(g/d*l*)7.0 ± 0.87.4 ± 0.67.4 ± 0.97.4 ± 0.8ALB(g/d*l*)3.5 ± 0.33.4 ± 0.33.3 ± 0.53.4 ± 0.2BUN(mg/d*l*)10.3 ± 4.213.2 ± 2.912.7 ± 5.39.9 ± 4.0AST(IU/*l*)126 ± 59185 ± 112\*117 ± 4298 ± 28GGT(IU/*l*)44 ± 3636 ± 2132 ± 1022 ± 6Ca(mg/d*l*)8.8 ± 1.0\*9.1 ± 0.88.4 ± 0.8\*9.9 ± 0.7VA(IU/d*l*)73 ± 2551 ± 27\*29 ± 17\*87 ± 30VE(*µ*g/d*l*)256 ± 106140 ± 79184 ± 112204 ± 114Values are means ± SD. a) Glu; glucose, FFA; free fatty acid, BHB; β-hydroxybutyric acid, T-cho; total cholesterol, TP; total protein, ALB; albumin, BUN; blood urea nitrogen, AST; aspartate aminotransferase, GGT; γ-glutamyl transpeptidase, Ca; calcium, VA; vitamin A, VE; vitamin E. \*Denotes significant difference (*P*\<0.05) compared with the control cows.Table 4.Changes in milk yield and milk composition in the transition control cows at 2 weeks and 4 weeks postpartumItems(unit)Weeks after parturition24Milk yield(kg/day)31.3 ± 5.835.3 ± 6.4Milk fat(%)5.8 ± 0.94.6 ± 1.0Milk protein(%)3.5 ± 0.33.1 ± 0.2Non-fat solid(%)8.7 ± 0.38.4 ± 0.3Lactose(%)4.1 ± 0.44.3 ± 0.2Milk urea nitrogen(mg/d*l*)14.0 ± 3.513.4 ± 2.7Values are means ± SD (n=9).). There was no significant difference in Glu concentrations between groups ([Table 3](#tbl_003){ref-type="table"}).

Body condition in all cows, and milk yield and composition in the TC group cows
-------------------------------------------------------------------------------

The changes in BCS, milk yield, and composition in the TC group are shown in [Tables 2](#tbl_002){ref-type="table"} and[4](#tbl_004){ref-type="table"}. BCS was significantly lower at 2, 4, 6, and 8 weeks postpartum than at 2 weeks prepartum. Milk yield increased from 2 to 4 weeks postpartum. In the PD group, there were no significant differences in BCS between cows with ketosis, abomasal displacement, or mastitis and control cows ([Table 3](#tbl_003){ref-type="table"}).

Correlation between oxidative stress markers and BCS, milk yield, and blood properties
--------------------------------------------------------------------------------------

The relationships between the plasma MDA and blood biochemical components and milk yield in the TC and PD cows are shown in [Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Correlation analysis between the oxidative stress markers (MDA; malondialdehyde, and PAO; potential antioxidant capacity) and blood biochemical components (Glu; glucose, FFA; free fatty acid, BHB; β-hydroxybutyric acid, TP; total protein, ALB; albumin, AST; aspartate aminotransferase, GGT; γ-glutamyl transpeptidase, VA; vitamin A, VE; vitamin E) and milk yield in the transition control (TC) cows and postpartum diseased (PD) cows with ketosis, abomasal displacement, or mastitis. \*\*, \*, ^\#^Denote significant correlation (*P*\<0.01, 0.05, and 0.1, respectively).. The relationships between the plasma GPx and blood biochemical components and milk yield in the TC cows are shown in [Supplementary Fig. 1](#pdf_001){ref-type="supplementary-material"}. In the TC cows, the MDA value was negatively correlated with the Glu value (r= −0.663, *P*=0.052) at 4 weeks after parturition, and positively correlated with the FFA value (r=0.633, *P*=0.067) at 2 weeks, BHB value (r=0.751, *P*\<0.05) at 1 week, AST value at 1 (r=0.620, *P*=0.075) and 4 (r=0.782, *P*\<0.05) weeks, and milk yield (r=0.797, *P*\<0.05) at 2 weeks after parturition. In addition, PAO value was negatively correlated with Glu value (r= −0.641, *P*=0.063) at 2 weeks before, FFA value (r= −0.934, *P*\<0.01) at 4 weeks after, AST value (r= −0.704, *P*=0.051) at 1 week after, and milk yield (r= −0.714, *P*\<0.05) at 4 weeks after parturition. Moreover, a positive correlation coefficient was observed between the PAO and total protein value (r=0.656, *P*=0.059), GGT value (r=0.834, *P*\<0.01), and vitamin E value (r=0.666, *P*=0.050) at 2 weeks before, and between the PAO and ALB value (r=0.762, *P*\<0.05) at 2 weeks after parturition. In the PD cows with ketosis, abomasal displacement, or mastitis (n=29), there were significant positive correlations between plasma MDA and FFA (r=0.532, *P*\<0.01), BHB (r=0.531, *P*\<0.01), and ALB (r=0.414, *P*\<0.05), and a significant negative correlation between plasma MDA and Glu (r= −0.541, *P*\<0.01). Furthermore, tendencies toward significant correlation were identified between PAO and ALB (r=0.610, *P*=0.061) in cows with ketosis and those with abomasal displacement (r=0.647, *P*=0.067).

DISCUSSION {#s3}
==========

Plasma MDA values increased after parturition in the TC cows, which is consistent with previous reports that oxidative stress increases postpartum \[[@r2], [@r5], [@r11]\]. Therefore, the TC cows in this study were in a state of high oxidative stress after parturition. However, there were no significant changes in the plasma GPx activities and serum PAO values in the TC cows. Bernabucci *et al.* \[[@r2]\] measured TBARS, an index of lipid peroxidation, and superoxide dismutase, a type of antioxidant enzyme in periparturient dairy cows to evaluate oxidative stress status in dairy cows during the transition period. In their study, plasma superoxide dismutase and TBARS values increased until parturition, and superoxide dismutase activities gradually decreased in contrast to that of TBARS values which remained elevated after parturition. Therefore, no significant changes in plasma GPx or PAO during the periparturient period in the TC group might suggest that oxidative stress levels were within the compensatory range of antioxidants.

Higher MDA and lower PAO values were observed in cows with ketosis and abomasal displacement. Therefore, oxidative stress increased in cows with ketosis and abomasal displacement after parturition. These results are consistent with previous reports that oxidative stress increases with these ailments \[[@r8], [@r15], [@r16]\]. In addition, the cows with ketosis had significantly lower PAO values than the control cows, indicating that their level of oxidative stress exceeded the compensatory effects of antioxidants. Therefore, although the timing of postpartum sample collection was different among diseased and control cows in the PD group, it seems not to affect oxidative stress measurements, because MDA and PAO values were not changed significantly after parturition in the TC group.

Energy demand and metabolism increase with lactation onset \[[@r26]\], increasing free radical production \[[@r1]\]. Postpartum cows experience NEB owing to heightened energy demands and reduced dry matter intake, which causes fat mobilization and higher blood FFA values and ketone bodies \[[@r7], [@r9], [@r19]\]. In the TC cows, the BCS declined from 2 weeks prepartum to 6 weeks postpartum. FFA and BHB values increased, wherease Glu values decreased in the early lactation period. Cows with higher milk production have higher MDA values in the milk \[[@r12]\] and may be more susceptible to lipid peroxidation owing to free radicals \[[@r13], [@r22]\]. Therefore, the TC cows experienced NEB after parturition, and the significant positive correlation between MDA values and milk yield suggests positive relationships between the milk production, metabolism, and peripheral MDA values during the transition period.

Oxidative stress is associated with high FFA values and hyperketonemia \[[@r15], [@r21], [@r26]\], and cows with declining BCS and high FFA and BHB values show higher oxidative stress during the periparturient period \[[@r2]\]. FFA is mobilized from adipose tissue and increases β-oxidation in the liver during NEB \[[@r7], [@r19]\], enhancing the production of reactive oxygen species \[[@r24]\]. In the TC cows, MDA values were negatively correlated to Glu values and positively correlated to FFA and BHB values. In addition, FFA acts as a signaling molecule and regulates liver metabolism in cows during the transition period \[[@r14]\]. High values of FFA increase ROS production in hepatocytes, increasing MDA production and decreasing antioxidant enzyme activity \[[@r23]\]. In this study, AST values increased after parturition in the TC cows. There was also a significant positive correlation between MDA values and AST values. Therefore, oxidative stress in postpartum cows is associated with the NEB status, such as decreased Glu values and increased FFA and BHB values, and with liver function by β-oxidation of FFA.

Cows with ketosis and abomasal displacement had higher FFA and BHB values than the control cows, possibly owing to NEB status. In addition, MDA was negatively correlated with Glu values and positively correlated with FFA and BHB values all PD cows. Similar to that in the TC cows, NEB, low Glu, and high FFA and BHB values were associated with oxidative stress in PD cows. Furthermore, PAO is an overall antioxidant capacity value and ALB is included among non-enzymatic protein antioxidants \[[@r6]\]. PAO was positively correlated with ALB value in the PD cows with ketosis and abomasal displacement. Therefore, it suggests that ALB value is related to overall antioxidant capacity in cows with ketosis and abomasal displacement.

In cows with abomasal displacement, oxidative stress increases with acute phase response and abomasal tissue damage; however, the relationship between NEB status and oxidative stress markers was not examined \[[@r16]\]. In the present study, MDA, PAO, Glu, FFA, and BHB values in cows with abomasal displacement showed almost the same values as those in cows with ketosis. Specifically, increased BHB values in the cows with abomasal displacement and ketosis suggested that abomasal displacement was accompanied by ketosis in the PD cows. Therefore, the increase in oxidative stress in cows with abomasal displacement in the present study was not only induced by tissue damage from abomasal displacement but also by NEB status, such as decreased Glu and increased FFA and BHB.

Oxidative stress in the transition period triggers infectious diseases including mastitis \[[@r26]\], and cytokines and oxidative stress are associated with the pathological condition of acute coliform mastitis \[[@r17], [@r25]\]. However, no significant change in MDA and PAO values was observed in cows with acute mastitis, and they did not show a decrease in Glu value and increases in FFA and BHB values unlike the cows with ketosis and abomasal displacement in the present study. Therefore, further study is required to clarify the specific etiology of acute mastitis and its correlation to oxidative stress values in postpartum cows.

In conclusion, oxidative stress increased after parturition in Holstein cows. Postpartum oxidative stress was affected by hypermetabolism for increased milk yield during the early lactation period and peripheral blood components (Glu, FFA, and BHB) related to NEB status. Furthermore, NEB status influenced oxidative stress in cows with postpartum diseases; ketosis was the most influential factor for high oxidative stress status. Overall, MDA values increase as a physiological mechanism to increase milk production, but with postpartum diseases, especially ketosis, MDA interacts more intensively with peripheral biochemical components, such as Glu, FFA, and BHB. Therefore, the control of oxidative stress in transition or postpartum cows may improve their productivities, although it is necessary to further examine the relationships among oxidative stress, productivity, and diseases in Holstein cows during the transition period.
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